This study investigated whether body mass index (BMI) was associated with effectiveness of carpal tunnel release as measured by physical and self-assessment tests. This prospective, longitudinal study was conducted from March 2001 to March 2003 using 598 cases (hands) diagnosed with carpal tunnel syndrome and scheduled for surgery at The Curtis National Hand Center, Baltimore, Maryland, and at the Pulvertaft Hand Centre, Derby, England. Body mass index was calculated, and demographic, clinical, and functional data were collected preoperatively and at 6-month follow-up. Grip, pinch, and Semmes-Weinstein scores were measured preoperatively and at 6-month follow-up. Levine-Katz self-assessment scores for symptom severity and functional status were measured preoperatively and at 6-month follow-up. Grip and pinch increased, whereas Semmes-Weinstein, symptom severity, and functional scores decreased by 6-month follow-up. Cases with BMI >35 had lower grip strength and higher symptom severity in males and higher functional status in both sexes pre-and postoperatively compared to normalweight BMI cases. BMI had no relationship to patient satisfaction. Although morbidly obese cases did worse on some physical and self-assessment tests compared to normal BMI cases preoperatively, all improved to the same extent postoperatively regardless of BMI.
Introduction
Carpal tunnel syndrome (CTS) is a symptom complex involving numbness in the median nerve distribution (thumb, index finger, and middle finger) as a result of compression of the median nerve under the flexor retinaculum at the wrist. The syndrome affects an estimated 2.7% of the population [2, 3, 7, 8, 13] . Overall prevalence of CTS in the United States may affect as many as 1.9 million people and may account for 500,000 surgical procedures annually, with costs over $2 billion [12] . The syndrome accounts for 3% of all workers' compensation claims and can cost $38,000 per case in disability benefits [15] . The prevalence of CTS in the United Kingdom is thought to be 70 to 160 cases per thousand [4] .
Carpal tunnel syndrome has a multifactorial etiology involving systemic, anatomic, idiopathic, and ergonomic factors. It is associated with both occupational and nonoccupational risk factors such as age, sex, obesity, diabetes, thyroid conditions, rheumatoid arthritis, gout, smoking, late pregnancy, and rapid weight loss [3, 7, 8, 13, 14, 16] . Carpal tunnel syndrome has been associated with increased body mass index (BMI) [16] , a common measure expressing the relationship of weight to height, which is more highly correlated with body fat than any other indicator of height and weight.
Our objective was to determine the success of carpal tunnel release as measured by physical findings (Tinel's sign, Phalen's sign, Semmes-Weinstein, grip and pinch strength), as well as subjective patient evaluation of symptoms and functional limitations using the Levine-Katz questionnaire. We examined prospectively the relationship between five demographic characteristics of CTS patients in each BMI category. We also determined distribution of weight in the study population, in terms of normal, overweight, obese, and morbidly obese BMI, and compared this prevalence to the general population.
Materials and Methods
The Institutional Review Board in Baltimore and the local ethics committee in Derby reviewed and approved the protocol of this study, and informed consent was obtained. Patients eligible for this study met the following inclusion criteria: they had a clinical diagnosis of CTS, were between 20 and 90 years, were scheduled for surgery at our institutions, were English speaking, were willing to return for postoperative evaluation, and were able to provide informed consent. Exclusion criteria were prior carpal tunnel surgery in the same hand, pregnancy, current renal dialysis, acute peripheral neuropathy due to lead exposure, or a terminal medical condition.
A preoperative assessment and history was administered to all participants. Personal history including age, gender, handedness, race, education, occupation and employment status, symptoms (onset, duration, and quality), prior treatment, and medical history (diabetes, thyroid, hypertension, and depression) was recorded. The physical examination included Tinel's sign, Phalen's test at 1 min, grip strength (kilograms), and pinch strength (kilograms). Semmes-Weinstein monofilament testing was done based on the following five levels: normal (1.65-2.83), diminished light touch (3.22-3.61), diminished protective sensation (3.84-4.31), loss of protective sensation (4.56-6.45), and deep pressure sensation (6.46-6.65). Weight, in pounds, and height, in inches, were recorded, and BMI was calculated by dividing weight in kilograms by the square of height in meters. Normal BMI was defined as <25; overweight, 25 to 30; obese, 30 to 35; and morbidly obese, >35. The Levine-Katz self-administered questionnaire on severity, symptoms, and functional status of CTS was administered at the preoperative assessment and at the 6-month follow-up to evaluate symptoms and function. It provides a severity score based on 11 questions about CTS symptoms and a functional score based on the level of difficulty the patients experience performing eight activities of daily living. The scores are based on a scale of 1 to 5, where 5 is the worst score and 1 is the best. This questionnaire has been found to be highly consistent and valid [1, 9] .
Postoperative progress was recorded at the 6-month follow-up assessment. We chose a 6-month follow-up because a previous study at The Curtis National Hand Center reported improvement in symptom severity, and functional status made by the 6-month follow-up did not improve at the 12-month follow-up [5] . Responses to questions of satisfaction after surgery, complications of surgery, and return to work were collected. A physical examination was performed, including Tinel's sign, Phalen's test, grip strength, pinch strength, and Semmes-Weinstein testing. Patients were asked to complete a Levine-Katz questionnaire.
Statistical Analysis
Categorical data (e.g., Tinel's sign and Phalen's test) were analyzed by chi-square analysis. Because four BMI categories were used, the chi-square test was used for the overall study, and if found to be significant (p<0.05), individual comparisons between pairs of age groups were made for detailed analyses. If expected cells in this analysis had fewer than five observations, a Fisher's exact test was used. Continuous data (e.g., grip strength and pinch strength) were calculated by two-factor analysis of variance with BMI group and time (i.e., presurgery vs. postsurgery) as the factors with BMI by time interactions included in the analysis. Separate calculations were made by ANOVA to determine if there were gender differences. Calculations were done using SPSS and Statgraphics statistical programs.
Results

Demography
The demographic distribution of our cases is presented in Table 1 . Average patient age was 55.5 years with a range of 20 to 90 years. There was a small but significant (p=0.02) difference in age among BMI groups. Of the cases, 57.4% of them were from the United States and 42.6% were from the United Kingdom, with no significant difference in the distribution among BMI groups. Primary race was white (93%). There were more females (71.1%) than males (28.9%) although the proportion of males was lower and was significantly different among BMI groups (p=0.002). Fifty-five percent of the cases represented the dominant hand and did not vary significantly among the BMI groups.
Medical History
The symptoms reported were numbness (95.0%), pain (75.6%), and loss of function (30.3%). These were not significantly different among BMI groups ( Table 2) .
Wrist and neck traumas were reported in 4.9 and 5.5% of the cases, respectively, and were not significantly different among BMI groups. Wrist and neck arthritides were present in 18.4 and 12.6% of the cases, respectively. Prevalence of diabetes was 9.7%, and prevalence of hypertension was 32.6%. Both demonstrated a higher prevalence in the higher BMI groups (p<0.001), with 18.8% having diabetes and 42.9% having hypertension in the >35 BMI group. Depression was present in 16.6% of cases and did not differ among BMI groups. Thyroid disease was present in 10.6% and gout in 4.4% of cases. Because diabetes, hypertension, and wrist arthritis were present in substantial numbers and were significantly different among the BMI groups, these variables were treated as covariates in subsequent ANOVA analysis for outcomes.
Preoperative and 6-Month Follow-up Outcome Measurements
The presence of diabetes and hypertension was found to be significantly different among BMI groups and was thought to possibly influence results. Therefore, these variables were treated as covariates in the statistical computations. Probabilities presented are the adjusted values.
Before surgery, 65.1% of all cases reported a Tinel's sign. This decreased to 34.9% at 6-month follow-up (p= 0.001). In females, there was a lower prevalence of Tinel's sign preoperatively in the normal BMI category (58.6%) compared to the higher BMI categories (71.4% in overweight, p=0.05; 79.2% in obese, p=0.003; and 76.9% in morbidly obese, p=0.006) (Fig. 1b) . At 6-month follow-up, the prevalence decreased overall to 12.6% with no difference among the BMI groups. Although the lowest prevalence of Tinel's sign in males was in the normal BMI group, it was not significantly different from the other BMI groups (Fig. 1a) .
Phalen's sign was present in 83.7% of male cases before surgery and decreased to 5.6% at 6-month follow-up (p< 0.001) ( Fig. 2a ). In females, the prevalence was 91.3% before surgery and 13.1% after surgery (p<0.001) (Fig. 2b) . There was no difference in Phalen's sign among BMI groups.
Grip strength was higher in males than in females (p< 0.001) (Fig. 3) . In males, overall grip strength in the normal BMI group was 41.6±1.8 kg (mean±SEM; p<0.001) compared to BMI >35, which was 32.9±1.8 kg (p< 0.001). The absolute change in grip strength was not significantly different between the BMI groups. BMI was not related to overall grip strength or changes from baseline in females (Fig. 3b) .
Pinch strength was higher in males than in females (p< 0.001) ( Fig. 4 ). There was no significant difference in pinch strength between the normal BMI group or any group with BMI >25. There was, however, a difference between BMI 25-30 (overweight) compared to BMI >30-35 (obese). There was no significant difference in the change in pinch strength from baseline among the BMI groups.
There was an overall improvement (decrease) in the Semmes-Weinstein score from 2.52±0.06 points preoperatively to 2.11±0.06 points at 6 months in males and from 2.24±0.03 to 1.70±0.03 points in females (p<0.001) ( Fig. 5a ). Males had significantly higher scores than females (p<0.001). BMI was not related to Semmes-Weinstein scores or change in scores in either gender.
For all cases, 90% reported that they were satisfied with the surgery at 6-month follow-up. There was no significant difference between genders or among BMI groups (Fig. 6 ).
As measured by the Levine-Katz self-administered questionnaire, symptom severity scores improved (decreased) significantly from 2.7±0.1 to 1.4±0.1 in males and from 3.0±0.1 to 1.5±0.1 in females at 6-month followup (p<0.001) ( Fig. 7) . Overall, males reported lower symptom severity scores than females (p=0.001). In males, there were significantly lower symptom severity scores in the normal BMI group compared to the 25-30 BMI and the >35 BMI groups (p<0.001) but not the 30-35 BMI group. There was no difference in the change in scores over the 6 months among the BMI groups. There was no difference among BMI groups in females regarding symptom severity scores or change in scores.
Functional status scores improved from 2.2±0.1 to 1.4± 0.1 in males and from 2.5±0.1 to 1.6±0.1 in females (p< 0.001) ( Fig. 8) , with the scores in males being significantly lower than females (p<0.001). For both males and females, the groups with normal BMI had the lowest functional status scores and were significantly lower (p<0.001) than the morbidly obese scores. There was no significant difference in the change in scores from preoperative to 6month follow-up among the BMI groups for either gender.
Complications Table 2 lists the complication rates by BMI groups. Twenty-three percent of the cases reported one or more complications. There was no difference among the BMI groups regarding total or specific complications.
Discussion
The World Health Organization considers obesity, defined as a BMI of more than 30, to be a global epidemic, with 7% of the adult population worldwide and 1.2 billion people now categorized as overweight and 300 million as obese [17] . The 1999-2002 National Health and Nutrition Examination Survey, using measured heights and weights, indicates that an estimated 65% of U.S. adults are either overweight or obese, with 31% considered obese [11] . The 2002 Health Survey for England reports that 61% of U.K. adults are overweight or obese [6] . The sample of carpal tunnel cases reporting for surgery in this study has a prevalence of overweight or obese of 81%. If this is reflective of carpal tunnel patients as a whole, it would suggest that obesity may be a risk factor in the disorder. Thirty-three percent of our study patients were overweight, 25% were obese, and 22% were morbidly obese. The incidence of comorbidities, such as diabetes and hypertension, was significantly higher in obese and morbidly obese groups than in normal or overweight groups although the overweight group still had significant amounts of diabetes and hypertension.
In our study, the results of the functional status Levine-Katz questionnaires show significantly lower overall scores in the normal BMI groups than in the morbidly obese group in both males and females. Symptom severity was lower in normal-weight males than in morbidly obese males, but there was no difference in symptom severity in females. There was no difference in the absolute change in scores for either males or females. Thus, although the amount of improvement was the same in all BMI groups, where the morbidly obese groups started with a higher score, the 6month follow-up score ended higher.
Obesity has been implicated as a contributory factor in many medical conditions, such as heart disease, diabetes mellitus, thyroid conditions, and connective tissue disorders. Carpal tunnel syndrome is an obesity-associated morbidity that has been correlated to increases in weight and BMI [3, 7, 13, 16] . Although our study was not designed to determine the prevalence of obesity in carpal tunnel patients, our data indicated that 81% of our patients were either overweight or obese compared to 65% of the U.S. population and 61% of the U.K. population. In this sense, our data support the findings of those other authors such as Nathan et al. [10] , who find obesity a risk factor for CTS.
Even though obesity is a significant factor in CTS, does it affect the outcome of surgery? The data in this study show that overweight and obese patients did show improvement after carpal tunnel surgery and improved self-assessment scores for symptom and function as measured by the Levine-Katz questionnaire. Our results also reported improvement in the diminution of the number of patients with positive Tinel's sign and positive Phalen's test. However, morbidly obese patients did not score as well as normal BMI patients in the Levine-Katz symptom severity score and functional status score both before and after surgery.
In conclusion, all patients improved to the same extent after carpal tunnel surgery regardless of BMI although males with BMI >35 (morbidly obese) began and ended with lower grip strength and higher symptom severity scores. Both males and females who were morbidly obese had higher overall functional status scores.
